Purpose. The aim of the present study was to examine the influence of moderate physical exercise throughout pregnancy on the duration of labor stages.
PURPOSE
Labor is an important biological process that can have several consequences for maternal health and especially for newborn well-being. 1 Indeed, prolonged labor is associated with increased maternal and perinatal morbidity and mortality. [2] [3] [4] Identified maternal morbidities include maternal exhaustion; electrolyte derangement; hypoglycemia; risk of obstructed labor and its subsequent sequelae, such as uterine rupture; primary postpartum hemorrhage; and obstetric fistula. The scientific literature reports the following perinatal complications: fetal distress, risk of perinatal asphyxia, increased risk of neonatal resuscitation and admission into a neonatal intensive care unit, as well as hypoxic ischemic encephalopathy and cerebral palsy. [3] [4] [5] The process of labor and birth is divided into three stages. The first stage (early, active, and transitional phases) starts when the cervix begins to soften and to open and is complete when the cervix has opened to approximately 10 to 12 centimeters. The second stage is the period of time from when the cervix is fully dilated to when the baby is born (expelled). The third stage begins after the fetus is born and continues until just after the placenta is delivered. 6 A prolonged first stage of labor is associated with fetal complications, including head compression, impaired oxygen supply, low Apgar score, and fetal death. 7, 8 Additionally, a prolonged second stage of labor is accompanied by serious complications, such as perineal trauma and increased risk of caesarean delivery after the first hour of the second stage of labor. 9 A few recent studies have linked a longer duration of the second stage of labor with meconium-stained amniotic fluid. 10 In brief, the duration of the labor stages are affected by various maternal and fetal factors, including maternal age, parity, maternal pain threshold, number of fetuses, fetal weight, and fetal position. It is also affected by interventions, such as labor induction, labor augmentation, and instrumental vaginal deliveries. 11 These factors may be interdependent. 12 Although there are many factors that influence the duration of labor, a recent study showed that maternal body mass index (BMI)/weight gain during pregnancy appears to be one of the most important factors. 13 In theory, physical fitness can positively influence the course of labor because exercise reduces the possibility of excessive weight gain 14 and induces numerous metabolic and hormonal changes that may impact uterine contractility and endurance. 15 Many studies examining the influence of physical exercise on the duration of labor exist, but most of them investigated the relationship between physical activity of pregnant women and the length of the process steps, especially during the first stage. 16 Few studies have investigated the influence of regular exercise during pregnancy on the duration of the labor stages, but none of these studies, to our knowledge, included a specific exercise program throughout pregnancy. [17] [18] [19] [20] [21] [22] [23] [24] In the current scientific literature, there is no consensus about the type, intensity, and duration of suitable exercise to improve the response of the pregnant body to labor, which is a very critical time. Moreover, childbirth generates an important psychological stress in pregnant women, as well as physiological stress. Women should act preventively during the entire pregnancy process to prepare the pregnant body for a moment of high physiological and psychological tension.
The aim of the present study is to examine the influence of a supervised and moderate exercise program throughout pregnancy on the duration of labor stages. We hypothesize that physical exercise during pregnancy is associated with shorter stages of labor.
METHODS

Design
The present study was a randomized controlled trial (registration number NCT01696201).
Sample
Pregnant women living in the Health Care Area of Hospital Puerta de Hierro and Hospital Severo Ochoa, Madrid, Spain, who underwent ultrasound examination at 9 to 11 weeks of pregnancy, were assessed for eligibility (n ¼ 264).
Sample Size
In a previous study, the response within each subject group was normally distributed, with a standard deviation of 270 minutes. 25 To detect a difference in the average duration of the first stage of labor, a sample size of 80 pregnant women per group was necessary to achieve a two-sided 5% significance level and a power of 80%. We anticipated a dropout rate of 15%. 26, 27 Written informed consent was obtained from each participant. The study was approved by the Research Ethics Committee at Hospital Universitario de Puerta de Hierro (Madrid, Spain) and was conducted according to the ethical guidelines of the Declaration of Helsinki, which was last modified in 2008.
Women who presented with any type of absolute obstetrical contraindication to exercise as suggested by American College of Obstetricians and Gynecologists 28 were excluded (e.g., hemodynamically significant heart disease, restrictive lung disease, incompetent cervix, multiple gestations, ruptured membranes, preeclampsia/pregnancy-induced hypertension). Additional exclusion criteria included the following: not planning to give birth in the obstetrics department of the study hospital, lack of medical follow-up throughout the pregnancy, participation in another physical activity program, additional exercise two or more times per week lasting for 20 minutes or more, or a high level of pregestational physical exercise (four or more times per week). Because participating in another structured exercise program or exercise on their own was an exclusion criterion, these factors were verified in the exercise group (EG) at the beginning of the study and in the control group (CG) by a telephone interview during their pregnancies (once every trimester). All pregnant women who delivered by caesarean (elective or not) were excluded.
To allocate the participants to one of the two groups, exercise and control, a computer-generated list of random numbers was used. Three different authors were responsible for performing the randomization process, which consisted of sequence generation, allocation concealment, and implementation.
Measures
Data corresponding to the stages of labor and other pregnancy outcomes, such as maternal weight gain, birth weight, gestational age, Apgar score, and type of delivery, were obtained from the medical records at delivery. To measure the length of labor, the hospitals involved in this study used the same measurement protocols for the duration of stages.
Demographic and other information (pregravid weight and height), parity, occupational activity, previous physical activity habits, smoking status, previous preterm birth, and previous miscarriage were obtained at the first prenatal visit. Prepregnancy BMI was calculated as weight in kilograms divided by height in meters squared. Maternal weight gain according to prepregnancy BMI was calculated following the recommendation by the Institute of Medicine (IOM). 29 
Intervention
Women randomly assigned to the EG were invited to participate in a supervised physical conditioning program that included three, 55-to 60minute sessions per week that began between 9 and 11 weeks of gestation and continued until the end of the third trimester (weeks 39-40).
Each session started with a warm-up that comprised 5 to 8 minutes of walking and static stretching of most muscle groups. This warm-up was followed by an aerobic dance and specific exercises that targeted the For individual use only. Duplication or distribution prohibited by law.
major muscle groups in the legs, buttocks, and abdomen to stabilize the lower back (25 minutes); balancing exercises were also included (10 minutes). Each session concluded with pelvic floor muscle training (10 minutes) and a cool-down period (5-8 minutes) . Exercises that involved the Valsalva maneuver, extreme stretching, joint overextension, ballistic movements, and jumping were specifically avoided. Furthermore, the exercises were performed in the supine position for no longer than 2 minutes. Light-to moderate-intensity aerobic activity was prescribed, with the goal of achieving a 55% to 60% maximal heart rate. To allow the participants to identify the intensity required for the aerobic exercise, the heart rate was shown on a poster after being calculated individually for each woman based on her trimester, physical condition, and age, using the Karvonen formula. 30 The intensity was also adjusted based on the Borg scale ratings. 31 All of the subjects wore a heart rate monitor (Accurex Plus, Polar Electro OY, Kempele, Finland) during the training sessions to ensure that the exercise intensity was light to moderate.
To maximize patient safety and adherence to the training program and its efficacy, all of the sessions were supervised by a qualified fitness specialist (working with groups of 10-12 subjects) with the assistance of an obstetrician and were accompanied by music. The exercises were performed at the Centro de Salud Leganes Norte and Centro de Salud de Torrelodones in a spacious, well-lit room under favorable environmental conditions (altitude 600 meters, temperature 198-218C, humidity 50%-60%). Adequate intake of calories and nutrients was ensured for each participant before the start of the exercise session.
Women in the CG did not exercise during this period; they received the usual information provided by their midwives or health care professionals.
Analysis
The student's unpaired t-test was used to examine the differences in the descriptive characteristics between the intervention and CGs (maternal age and prepregnancy BMI), duration of labor stages, total maternal weigh gain (in kilograms), gestational age (days), birth weight (grams), birth size (centimeters), head circumference (centimeters), Apgar score, and pH of umbilical cord. Cohen's d was used to determinate the effect size. An effect size ranging from 0 to .20 was considered a small effect size, .20 to .50 was a moderate effect size, and over .50 was a large effect size. 32 The results are presented as the mean plus or minus SD.
To evaluate categorical variables such as delivery type, maternal weight gain, and other maternal characteristics (prepregnancy BMI categories, parity, smoking status, occupational activity, previous abortion, low birth weight and preterm delivery, and educational level), a one-way analysis of variance and v 2 tests were used; p values of .05 indicated statistical significance. A multivariate analysis was performed to test the association between our intervention and the duration of the first stage of labor, adjusting for potential confounders (maternal weight gain, birth weight, and gestational age).
Because of the particular factors of the pregnancy process, to ensure the safety of the intervention on maternal and fetal well-being, an interim analysis was conducted during the trial (N ¼ For individual use only. Duplication or distribution prohibited by law. 40 ). The levels of significance maintained an overall p value of .05 and were calculated according to the O'Brien-Fleming stopping boundaries. 33 We conducted all statistical analyses using the Statistical Package for Social Sciences (SPSS v. 18.0 for Windows; SPSS Inc., Chicago, Illinois), and the level of significance was set at ,.05.
RESULTS
Study Participants and Randomization
Initially, 264 women were contacted at their first prenatal visit. Finally, a total of 186 participants (31.37 6 3.62 years) were analyzed: 83 in the EG and 83 in the CG. All of the patients had uncomplicated and singleton gestation. After enrollment, 25 women were excluded for not meeting inclusion criteria (N ¼ 16) or declined to participate because of scheduling issues (N ¼ 9). The 239 pregnant women who agreed to participate were randomly allocated between two groups: 122 in the EG and 117 in the CG. The results regarding adherence to the protocol were as follows: Of the women in the EG, 39 were lost to follow-up or were excluded from analysis because of discontinuous intervention (N ¼ 8), the risk of premature labor (N ¼ 5), pregnancy-induced hypertension (N ¼ 3), delivery by cesarean section (N ¼ 11), and personal reasons (N ¼ 12). Thirty-four participants in the CG were lost to follow-up or were excluded from the study because of discontinuous intervention (N ¼ 5), pregnancy-induced hypertension (N ¼ 4), delivery by cesarean section (N ¼ 14), and personal reasons (N ¼ 11). A total of 186 pregnant women were followed throughout the study, and the information collected was analyzed, with 83 in the EG and the 83 in CG (see Figure) . Loss to follow-up resulted from applying the exclusion and methodological criteria; if these participants were not excluded, the study outcomes could have revealed greater differences in the duration of the labor stages.
Maternal Characteristics
Personal data were collected from all participants at the beginning of the study, as shown in Table 1 . No significant differences were found between the groups.
Duration of Labor Stages
As it is shown in Table 2 , the intervention variable was significant for the time of the first stage without any adjustment. Specifically, exercise reduced the time of the first stage (EG ¼ 399. 1 
Pregnancy Outcomes
The groups did not differ in total maternal weight gain in kilograms, gestational age, preterm delivery, type of delivery, number of labor inductions, birth weight, length, head circumference, APGAR scores (at 1 and 5 minutes), or pH of the umbilical cord blood (p . .05). Regarding pregnant women with excessive maternal weight gain according to the recommendations based on pregestational BMI, a significant difference was found between the study groups; the percentage of pregnant women with excessive maternal weight gain in the EG was smaller (N ¼ 14/16.9%) compared with the CG (N ¼ 25/30.1%) (p ¼ .04, v 2 ¼ 4.05) ( Table 3) .
DISCUSSION
This study is, to our knowledge, the first randomized controlled trial examining the influence of regular and supervised exercise throughout pregnancy on the duration of labor stages.
An additional novel intervention in our study was the integration of light resistance, toning, aerobic dance, and pelvic floor exercises in the training program, which is not commonly available to pregnant women. Our results show a positive association between regular exercise throughout pregnancy and shorter duration of the first stage of labor.
Additionally, these results revealed a large standard deviation in both groups, which could have resulted from several individual differences in the pregnant women's response to the labor and delivery process, especially during the first stage. 6 In the absence of maternal or fetal complications, the clinical protocols of the hospitals in the Madrid area predominantly dictate the use of labor induction procedures if the gestational age is over 41 weeks. Therefore, if there are no complications during the birth process, it is expected that the duration of labor will vary.
Maternal exercise has many benefits and has been associated with improved pregnancy outcomes, [34] [35] [36] without maternal and fetal risks. 37 However, only a few studies have focused on the relationship between physical activity throughout pregnancy and the duration of labor stages and have reported varying results.
Unfortunately, we believe that there are no clinical trials similar to this one that has examined the influence of a regular moderate exercise program throughout pregnancy on the duration of labor.
Some experimental studies have investigated the influence of various forms and methods of physical activity on the duration of labor, including physical and educational activities at a prenatal visit, 17 pelvic floor muscle training, 18, 23 water aerobics in the second phase of pregnancy, 19 aerobic fitness in late pregnancy, 21 or regular physical activity during pregnancy. 24 Most have reported a lack of influence of physical activity on the duration of labor, and only one study found an association between an increased fitness level and shorter labor in nulliparous women. 21 Additional nonexperimental studies have not found significant differences in either labor duration among participants according to physical activity level in prepregnancy, early pregnancy, or midpregnancy 20 or longer length of labor in pregnant women who exercised heavily. 22 It is very difficult to thoroughly compare our study to those described above because of the various designs and interventions used. The structure of our sessions and the duration of our program (approximately 30 weeks) could be one of the most relevant differences between our intervention and other studies. Apparently, our results indicate that the training effect of moderate exercise during pregnancy generates better efficiency in the first stage of labor.
The main strength of this study was the intervention that was used, which was a regular program of supervised exercise throughout pregnancy. However, our study had limitations: We did not consider emotional and psychological factors, which have been shown to influence many pregnancy outcomes. We also believe that it would have been interesting to evaluate the early evolution (first week) of the newborn, and our research team will soon begin a study on this subject. For individual use only. Duplication or distribution prohibited by law.
SO WHAT? Implications for Health Promotion Practitioners and Researchers
What is already known on this topic? Prolonged labor is a growing problem, with adverse pregnancy outcomes. Therefore, mild physical exercise may assist the pregnant body at the moment of delivery. Additional beneficial effects of regular exercise on maternal and fetal health are known; however, the influence of a regular moderate exercise program throughout pregnancy on the duration of labor stages has not yet been examined.
What does this article add?
This study revealed new evidence regarding the benefits of adequate exercise on a very important pregnancy outcome: duration of labor. This study encourages health practitioners to recommend supervised and moderate exercise throughout pregnancy. What are the implications for health promotion practice or research?
Prolonged labor can cause maternal and newborn perinatal disorders. Therefore, from a clinical perspective, it is important to reduce the duration of labor. We believe that regular, supervised physical exercise could help to avoid prolonged labor and improve maternal and newborn well-being.
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